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Vbstract : A porous ceramic powder of A1,0, nanocluslers is deduced by ^ controlled thermal decomposition of a porous AI0(()H)aH,0 powder 
(porosity 0  = 18%), a precursor of alumina or sapphire, at selected tcmpei'atu|ies in the 500-1500 K range The precuisor has been synthesized in a 
hi^ 'hly pure form using a new chemical method of an electrochemical suiface ^lydrolysis of a thin Al-plate in water. The pores govern a contiollcd 
thermal decomposition of it at a molecular scale and result in a refined porous AljO, powder of an enhanced 0  value up to 40% over the starting value 
The sample appears in different polymorphic meiastable forms ai different temperatures in this range If compared to in a bulk Al,(),, the present 
iransforinations occur at significantly reduced temperatures by the assistance of the pores The results arc discussed wiih microstructuie and X-ray 
powder diffraction studies
Keywords A l,0 , ceramic nanocluster, electrochemical surface hydrolysis, phase transfoimaiion 
FACS Nos. ; 82 80 Fk. 64 70.Nd
1, Introduction
\lum irui (A l2 0 :^ ) o r  s a p p h ire  Ib rm s  an  im p o rtan t sc r ie s  of ce ra m ic  
m a te ria ls  w i th  e x c e p t io n a l  p r o p e r t i e s  (1 -5 1  s u c h  a s  g re a t  
hardness, c h e m ic a l in e r tn e s s , a n d  a  h ig h  m e l tin g  te m p e ra tu re . It 
has m an y  in d u s tr ia l  a p p l ic a t io n s  s u c h  a s  in  c a ta ly s ts , c o a tin g s , 
m ic ro e lec tro n ic s , c o m p o s i te  m a te r ia ls ,  a n d  a d v a n c e d  m a te r ia l  
technology. B e s id e s , th e  s ta b le  p h a s e  o r - A l2 0 3 , it e x is ts  in  a 
nm nher o f  m c ta s la b ic  p o ly m o rp h s ,  e.g,, y -A l^ O ^ , ^ -A I^ O ^ , 
(^A l2 0 3  a n d  (6 ,71 . T h e  s t ru c tu r e s  o f  th e  m e ia s ta b le
dluininas, a ls o  c a l le d  tr a n s i t io n  a lu m in a s ,  c a n  b e  d iv id e d  in to  
two m ain  c a te g o r ie s  b a s e d  o n  e i th e r  a  fe e  o r  a  h e p  a r r a n g e m e n t 
a to m s . A m o n g  th e m , / - A l - , 0 ^  o r  ^ - A ^ O ^  h a s  a  fee  
‘'iru c tu re  w h i le  £ - A l 2 0 3  o r  a - A l 2 0 3  b e lo n g s  to  th e  h e p  
structure. In  c o n tr a s t  to  a - A l^ O ^ ,  th e r e  h a s  b e e n  m u c h  le s s  
study on o th e r  p h a s e s , a l th o u g h  th e y  h a v e  th e ir  o w n  im p o r ta n c e  
'n ca ta ly s ts  a n d  o th e r  a p p lic a t io n s .
T he re c e n t  d e v e lo p m e n t  in  s y n th e s iz in g  o f  p o ro u s  Al^O:^ 
ceram ics a n d  th e  p o ro u s  A I2O 3 r e in fo rc e d  c o m p o s ite  m a te r ia ls  
have g e n e ra te d  fu r th e r  n e w  in te re s t  in  th is  s e r ie s  [8 ,9 ] . T h e y  
a h o st fo r  a  u n ifo rm  in te rc a la tio n  a n d  d isp e rs io n  o f  se p a ra te d  
panicles o f  p u re  m e ta ls  o r  m e ta l o x id e s  o f  q u a n tu m  c o n f in e d  
in th e  p o re s  a n d  fo rm  a  v a r ie ty  o f  o p tic a l,  m a g n e tic  a n d  
electronic d e v ic e s  [8 -1 1 ] , A p a r t  f ro m  th e  e le c tro n ic  a p p lic a tio n s , 
they are  w id e ly  u s e d  in  a d s o r p t io n  a n d  c a ta ly s ts  w h e re  th e ir
Corresponding A uthor
la rg e  su r fa c e  a re a , p o re  s lru c iu rc  a n d  su r fa c e  c h e m is try  p lay  an 
e s s e n tia l ro le  19-13). A  p o ro u s  Al-^O^ p o w d e r  is a v e ry  u se fu l 
p re c u r s o r  fo r  s y n th e s is  o f  a  p o ro u s  c e rm e t o r  o th e r  p o ro u s  
c e ra m ic  c o m p o s ite s .
S e v e ra l  m e th o d s  u s in g  s o l -g e l  a n d  o th e r  w e t c h e m ic a l  
m e th o d s  arc  k n o w n  fo r s y n th e s is  o f  p u re  A I2O 3 c e ra m ic s  1 1 2 -
14], A  lim ita tio n  o f  a ll th e s e  m e th o d s  is th a t th e y  d o  n o t g iv e  a 
p o ro u s  A l2 0  ^ p o w d e r  w ith  a  d e s i re d  p o ro s ity . H e re , w e  rep o rt 
s y n th e s is ,  th e rm a l s ta b i l i t ie s ,  a n d  p h a s e  t r a n s fo r m a t io n s  in 
p o ro u s  A 1 i 0 3  c lu s te rs . A  n e w  c h e m ic a l  m e th o d  in v o lv in g  an 
e le c tro c h e m ic a l su r fa c e  h y d ro ly s is  o f  a  th in  AI p la te  in a p u re  
w a te r  ( 1 2 , 13] an d  th e rm a l a n n e a lin g  o f  th e  o b ta in e d  p ro d u c t at 
e le v a te d  te m p e ra tu re s  a re  u se d  to  s y n th e s iz e  th e  p o ro u s  A l2 0  ^
p o w d e rs .
2. Experimental details
T h e  A l2 0  ^ n a n o c lu s le r s  in  d if f e re n t  p o ly m o rp h ic  fo rm s  a rc  
o b t a i n e d  b y  a t h e r m a l  d e c o m p o s i t i o n  o f  a  p o r o u s  
A IO (O H ). a  H 2O  p re c u r s o r  p o w d e r  a t s c lc c lc d  te m p e ra tu re s , in 
th e  5 0 0  to  I5(K)K  ra n g e , in  air. T h e  A 1 0 (0 H ) . a H 2 0  p re c u r s o r  
h ad  a  p o ro s ity  -  18%  a n d  w a s  a p u re  b e t te r  th a n  9 9 .9 % . It wa.s 
o b ta in e d  b y  an  e le c tro c h e m ic a l  s u r fa c e  h y d ro ly s is  o f  a  p u re  
(9 9 .9 % ) A l-m e ta l p la te  in  a  p u re  w a te r  a t ro o m  te m p e ra tu re  [13 ]. 
T ltis  in v o lv e s  a  h ig h ly  e x o th e r m ic  s e l f - in d u c e d  sp o n ta n e o u s  
s u r f a c e  r e a c t io n  o f  th e  A l- m e ta l  w i th  th e  c o ld  w a te r  a n d  
u l t im a te ly  y ie ld s  a  n a n o c r y s ta l l in e  p o w d e r  ( p o r o u s )  o f  th e
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h y d ro ly z e d  A l-m c ta l in  A IO ( O H ) .«  H 1 'hc  v a lu e  o f  a  =  0 .7 6  
is  d e te rm in e d  b y  ih c r m o g ra v im c lr ic  a n a ly s is  o f  its  d is s o c ia t io n  
in to  A \p ^  o v e r  3CK) to  7 0 0  K [13 ].
T h e  p h a s e  a n a ly s is  w a s  c a r r ie d  by  s tu d ie s  o f  X -ra y  p o w d e r  
d if f ra c to g ra m s  fo r th e  as  re c e iv e d  an d  h ea le d  sa m p le s  at se le c te d  
te m p e ra tu re s  in  th e  5 0 0  to  1 5 0 0  K ra n g e . I 'h c  d if f ra c to g ra m s  
w e re  re c o rd e d  w ith  th e  h e lp  a  P. W. 17 1 0  X -ra y  d if f ra c to m e te r  
u s in g  a  f ilte re d  C o K a  ra d ia tio n  o f  w a v e  len g th  A =  0 . 17 9 0 2  nm . 
T h e i r  m ic r o s t r u c tu r e s  w e re  s tu d ie d  w ith  a  J F O L  s c a n n in g  
e le c tro n  m ic ro s c o p e  w ith  an  in-situ a n a ly s is  o f  th e ir  c h e m ic a l 
c o m p o s it io n s .
3 . R e s u l t s  a n d  d is c u s s io n
A. Thermal stability and phase transfonnation :
T h e  a s  p re p a re d  A 1 0 ( 0 H ) .a H .> 0  p o w d e r  h a s  a  p o ro s ity  =  
18%  a s  d e te r m in e d  by  th e  d if f e r e n c e  in  its  th e o r e t ic a l  a n d  
e x p e rim en ta l d en s itie s  (cf. 'Table I ). It co n sis ts  o f  A IO ( O H ) .a  H  p  
n ancK lusters o f  a  m o n o c lin ic  c ry s ta l sy s te m  o f  la ttic e  p a ra m e te rs , 
a =  0 .8 6 6  n m , /z -  0 .5 0 6  nm , c =  0 .9 8 3  nm  an d  P =  94,56®. Its X -ray
T h e  f i n a l  A K O ^  h a s  a r e f i n e d  m i c r o s t r u c l u r c  o\ 
A lO C O H l.a H ^ O  w ith  a  c o n s id e ra b ly  e n h a n c e d  0  v a lu e . A  valui
Figure 1. X-ray diffractograms in a controlled thermal decomposition of
(a) a porous A10(0H).rjtH,0 powder m a porous refined AfO, powder
(b) 750 K for 2 h and (c) 1050 K for 2h in air
Table 1. Al,(), ceramic powders obtained in different polymorphic forms by a controlled thermal 
dissociation and reconstructive pha.se tran.sforiiiation of a porous A10(OH>.aH,0 powder at elevated 
icinperaiurcs
Polymorphic
forms
Transformation temperature 
Porous Bulk*
tVyslal strut ture* Density (g/cm*) 
Exp
AIO(OH) a U p < 310 K Monoclimc 1 90 (2 25)
AI,0, Not ob.seivcd P6/mmc Hex agonal (3 24)
r -  AijO, 750 1050 K ~ 1070 K OVF|>.m ^®hic) 2 20 (3.67)
5 -A I,0 , Not observed -  1270 K Orthorhombic (3.20)
k-> A ip , Not observed -  1270 K Pna2, Orthorhombic (3 77)
9 -  Al,0, 1250 - 1350 K -  1370 K C2/m Monoclimc 2 50 (3 62)
t t -  A \p , 1400 -  I500K - 16.50 K I-V„,-kU' Tetragonal 2 9H (^99 )
e -  AfO, > 1550 K > 22(K) K Hexagonal (4 15)
a) The data are collected from different reports tn Refs |1, 5. 13, and 15]
b) The density value calculated from the lattice parameters is included in the parentheses
p o w d e r  d if f ra c to g ra m , in  F ig u re  l a ,  e x h ib i ts  a  to ta l o f  n in e  w e ll-  
r e s o lv e d  p e a k s  in  s ig n if ic a n t  in te n s i t ie s  o v e r  1 0  to  1 0 0 ® in  th e  
0 - 2 6  sc a le . T h e  p e a k s  a re  c h a ra c te r is t ic a l ly  .sharp w ith  a  n o  
s i g n i f i c a n t  s c a t t e r in g  b a c k g r o u n d  t h r o u g h o u t  th e  r a n g e .  
H o w e v e r , .som e w e a k  u n re s o lv e d  b ro a d  b a n d s  a re  su p e rp o se d  
o v e r  th e  d if f ra c to g ra m  o f  th e  re s o lv e d  sh a rp  p e a k s . P o s s ib ly , 
th e s e  a re  d u e  to  a  p e c u lia r  p o ro u s  s tru c tu re  o f  th e  s a m p le  w h ic h  
h a s  v e ry  f in e  p o re s  o f  s iz e  a t a  n a n o m e te r  sc a le . A n  a v e ra g e  
c ry s ta ll ite  s ize  D  -  3 0  n m  is c a lc u la te d  u s in g  th e  D e b y e -S c h e rre r  
a n a ly s is  [ 15] o f  th e  p e a k -w id th s  in  th e  s h a rp  d if f ra c t io n  p e a k s .
T h e  a s - re c c iv c d  A lO C O H l.a H ^ O  p o w d e r  is  s ta b le  a s  s u c h  
in  a m b ie n t a tm o s p h e re  a t  ro o m  te m p e ra tu re s . O n  h e a tin g  o v e r  
3 0 0  to  1 5 0 0  K  in  a ir , it d e c o m p o s e s  in to  a  p o ro u s  A I2O 3 p o w d e r ,
2 A I0 ( 0 H ) .a H 2 0  A l jO j  + ( 2 a  +  D H jO . (1)
o f  0  a s  la rg e  as  40%; a p p e a rs  in  th e  s a m p le  d e h y d ra te d  at 800 K 
T h e  c ry s ta l  s tru c tu re s  a n d  d e n s i t ie s  o b ta in e d  fo r  th e  samples 
d e h y d ra te d  a t s e le c te d  te m p e ra tu re s  a re  g iv e n  in  T ab le  1. A 
r e f in e d  in ic ro s l ru c tu re  in  th e  s a m p le s  is  c le a r ly  e v id e n c e d  by 
b ro a d e n e d  p e a k s  in th e ir  X - ra y  d if f ra c to g ra m s .
F o r  e x a m p le ,  th e  X - ra y  d if f r a c to g r a m s  o b ta in e d  fo r the 
.sam ples d e h y d ra te d  at e a r ly  te m p e ra tu re s  a s  7 5 0  K  a n d  1050 K 
a rc  c o m p a r e d  in  F ig u r e  l b  a n d  Ic . T h e  b o th  s a m p le s  have the 
sa m e  p e a k s  w ith  s im i la r  p e a k -w id th s  a c c o rd in g  to  an  average 
c r y s ta l l i te  s iz e  in  th e  2  to  5 n m  ra n g e . A ll th e s e  p e a k s  belong 
a  s in g le  n a n o c ry s ta l l in e  y  -A ljO ^  p h a se . T h is  m c ta s ta h ic  phase 
is  q u i t e  s t a b le  in  i t s  o r i g in a l  c u b ic  c r y s ta l  s t r u c tu r e  to a 
tem tx^rature as  h ig h  as 1 1(X) K . T h e  v a lu e  o f  th e  la ttic e  parameters 
a =  0 .7 8 6 0  n m  c a lc u la te d  f ro m  th e  p o s i t io n s  o f  th e s e  p eak s  is m 
a  a g re e m e n t w ith  th e  b u lk  a =  0 .7 9 2 0  v a lu e  [1 6 a ] .
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A c c o rd in g  to  th e  f in a l te m p c ra iu re  a n d  o th e r  e x p e r im e n ta l 
c o n d it io n s ,  th e  A l^ O ^  s o  o b t a i n e d  a s s u m e s  a  v a r i e ty  o f  
nu’tas tab lc  fo rm s . T h e  d if f e re n t  p h a s e s  a rc  s ta b le  o v e r  d if fe re n t 
tem p era tu res . S u c c e s s iv e  r e c o n s tru c t iv e  p h a s e  tr a n s fo rm a t io n s  
.,1 a low te m p e ra tu re  p h a s e  to  a  h ig h  te m p e ra tu re  p h a se  o c c u r  in 
the S -A \p ^ ,k^A \p ^ ,  a - A l . O ,
and r - A l 2 0 3  o rd e r . In  a  p o ro u s  p r e c u r s o r  u se d  in  th is  e x a m p le , 
these t r a n s f o r m a t io n  o c c u r s  a t  m o d e r a t e  t e m p e r a t u r e s  i f  
j.,m p a red  to  th o s e  in  a  b u lk  p r e c u r s o r  d e r iv e d  fro m  a  so l-g e l 
J ie m is try  o r  o th e r  w e t m e th o d s  [1 4 ) . F o r  e x a m p le , th e  a  - A i p ^  
phase a p p e a rs  w ith  0  =  2 5 %  a t  a s  e a r ly  te m p e ra tu re  a s  1 4 5 0  K  
i^ainst 1 6 5 0  K  in  th e  b u lk  A lO C O I-D .a H ^ O  (o r  y - A i p ^ )  
j^rccursor. T h e  p o re s  g o v e rn  a  c o n tr o l le d  m ic ro s t ru c tu rc  o f  th e  
final p h a se  in  a  q u a n tu m  c o n f in e d  s iz e  a t a  n a n o m e te r  sc a le . 
This IS n o t p o s s ib le  w ith  a  s o l-g e l  a n d  o th e r  w e t m e th o d s  in  
which th e  A 1 0 ( 0 H ) .c r H 2O  p r e c u r s o r  m o le c u le s  a re  s tro n g ly  
co rre la ted  o n e  a n o th e r  th r o u g h  a  s t ro n g  h y d ro g e n  b o n d in g .
I fndcr id e n tic a l c o n d i t io n s ,  th e s e  d o  n o t d is p e rs e  in a  re f in e d  
m ic ro s tru c tu rc  w ith  a  s ig n if ic a n t  0  v a lu e .
T he fo rm a tio n  a n d  th e r m a l s ta b il i t ie s  o f  th e  d if f e re n t  A f  
p o ly m o r p h s  a r e  d e t e r m i n e d  b y  s t u d i e s  o f  th e  X - r a y  
d il lra c to g ra m s o f  th o s e  o b ta in e d  a t  d if f e re n t  te m p e ra tu re s .  F o r 
exam ple, th e  d if f r a c to g r a m s  o b ta in e d  fo r  th e  ^ - A f O ^  a n d  a -  
p o ly m o rp h s  a t 1 2 5 ( ) K a n d  1 4 5 0  K  a rc  sh o w n  in  F ig u r c s 2  
And 3 A  c o m p le te  lis t  o f  th e  d if f e re n t  p h a s e s  o b s e rv e d  in th is  
investigation  is  s u m m a r iz e d  in  T a b le  1 . "n ic  m o s t s ta b le  p h a se  in
scries at a  te m p e ra tu re  a s  h ig h  a s  1 5 0 0  K  is th e  a - A i p ^  
f hasc. It h a s  a  D ^ 3 j^-R 3 c te t r a g o n a l  c ry s ta l  s t ru c tu re  o f  la t t ic e  
(M iamours o f  u  =  0 .4 1 0 2  n m  a n d  c =  1 .3 0 2 0  n m . T h e s e  la ttic e  
param eter v a lu e s  a re  m o d if ie d  a  l i t t le  in  c o m p a r is o n  w ith  th e  
standard v a lu e s  [ 16 b ] , a =  0 .4 7 5 8  n m  a n d  c =  1 .2991 n m , so  th a t 
they in v o lv e  ~ 2 5 %  lo w e r  la t t ic e  v o lu m e . It a p p e a rs  th a t th e  
pines su p p o r t th e  fo r m a tio n  o f  a  m o re  d is to r t io n  free  la ttic e  
accord ing  to  its  lo w e r  v o lu m e  ( o r  th e  G ib b 's  fre e  e n e rg y ) .
Diffraction angle 2e
I'lgure 2. X-ray diffractogram for a porous refined powder
obtained by a controlled thermal decomposition of the porous 
AlO(OH).aHp powder at 1250 K for 2 h in air.
W c a n a ly z e d  m ic m s tru c lu re s  o f  th e  re p re se n ta t iv e  sa m p le s  w ith  
th e ir  sc a n n in g  e le c tro n  m ic ro g ra p h s  (S liM ). S ev e ra l m ic ro g ra p h s  
w ere  re c o rd e d  at d if fe re n t m a g n if ic a tio n s  in an  a ttem p t tt  ^ re so lv e  
th e  s i / e  a n d  m o rp h o lo g y  o f  th e  p a r t ic le s  a n d /o r  c ry s ta ll i te s . A
Figure 3. X-ray diffraciogiam lor a porous refined a -A fO , povvdci 
obtained by a controlled thermal decomposition of ihc porous 
AIO(OH) o:H,0 powder at 1450 K tor 2 h in air
ty p ic a l se t o f  th e  S B M  m ic ro g ra p h s  fo r  th e  s a m p le  o f  y -A 1,C ),, 
p ro c e s se d  at 7 5 0  K fo r 2 h , is sh o w n  in F ig u re  4. T h e  m ic ro g ra p h s  
a ,  h a n d  c in  th i s  f i g u r e  a rc  r e c o r d e d  a t th r e e  d i f f c r c n i  
m a g n if ic a tio n s . N o n e  o f  th e m  p re s e n ts  a  re s o lv e d  s tru c tu re  of 
th e  p a r t ic le s  a n d /c r y s ta l l i te s  w ith  a  d e f in e d  s iz e  o r  m o rp h o lo g y  
o f  th e m . P e rh a p s , th is  is  d u e  to  a p e c u lia r  p o ro u s  s tru c tu re  o f  
th e  s a m p le  in w h ic h  th e  p o re s  a n d  th e  p a r l ic le s /c ry s ia l l i te s  a rc  
in t im a te ly  c o r r e la te d  o n e  a n o th e r  at a n a n o m e te r  s c a le  w ith  a 
s tro n g  m a c ro sc o p ic  in lc ra c lio n . A s  m e n tio n e d  a b o v e , an av e rag e  
c ry s ta ll i te  s ize  o f  2 to  5 n m  is o b ta in e d  b y  th e  p e a k -w id th s  in the  
c h a ra c te r is tic  X -ra y  d if f ra c t io n  p e a k s , l i  s e e m s  to  b e  v e ry  m u c h  
c o n s is te n t  w ith  a  s im i la r  sm a ll  v a lu e  m th e s e  m ic ro g ra m s . 
T h e re fo re , it is  n o t re s o lv e d  in  th e se  p a r t ic u la r  m ic ro g ra p h s .
A c c o rd in g  to  th e  m ic ro s t ru c tu rc ,  th e  s tru c tu re  a s  w e ll as  th e  
a v e ra g e  s iz e  o f  th e  p a r t ic le s  d o e s  n o t c h a n g e  m u c h  o n  ra is in g  
th e  p ro c e s s in g  te m p e ra tu re . F o r  e x a m p le , a  s e t o f  th re e  o th e r  
m ic ro g ra p h s  fo r  a  s a m p le  (a  *A l2 0 ,)  p ro c e s se d  a t a  te m p e ra tu re  
a s  h ig h  a s  1 4 5 0  K  is  s h o w n  in  F ig u re  5. T lie  s tru c tu re  is  a  m o re  
o r  le s s  th e  sa m e  a s  s h o w n  a b o v e  ( in  F ig u re  4 )  fo r  th e  s a m p le  
p ro c e s s e d  a t  7 5 0  K . A n  im p o r ta n t  im p lic a tio n s  o f  th e s e  re s u lts  
is th a t th e  f in e  p o re s  in  th e  p re c u r s o r  p la y  a  v ita l ro le  in  d e te r r in g  
th e  p ro c e s s  o f  th e  p h a s e  tr a n s fo rm a t io n  a n d  e v o lu t io n  o f  th e  
f in a l m ic ro s tru c tu rc . A  s im ila r  A I2O 3 s a m p le  d e r iv e d  fro m  a so l- 
g e l o r  o th e r  w e t m e th o d s  u n d e r  id e n tic a l c o n d it io n s  p re s e n ts  a 
m u c h  c o a rs e r  m ic ro s tru c tu rc  a t a  m ic ro m e te r  sc a le  [ 14 ,1 7 ),
4. Conclusions
T h e  w o rk  in  th is  a r t ic le , d e m o n s tr a te s  p h a s e  tr a n s fo rm a t io n  in 
p o r o u s  a lu m in a s .  I t  is  o b s e r v e d  th a t  a  c o n t r o l l e d  th e r m a l
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d e c o m p o s it io n  o f  a  n a n o s tru c iu rc d  p o ro u s  A 1 0 ( 0 H ) . a H 2 0  
p re c u r s o r  in  a ir  d e s ig n s  in  a p o ro u s  A I2O , c e ra m ic  p o w d e r  o f  a  
r e f in e d  m i c r o s l r u c l u r c .  S u c c e s s iv e  r c c o n s l r u c l iv c  p h a s e  
tr a n s fo rm a tio n s  in  th e  v a r io u s  w e ll-k n o w n  A l2 0  ^ p o ly m o rp h s  
(e x c e p t th e  £ - A l 2 0  ^ o n e  th a t o c c u rs  a b o v e  15(X) K ) a p p e a r  at
d if fe re n t te m p e ra tu re s  in  th e  5(X )-1500  K ra n g e . U n u su a lly , the 
a p p a re n t m ic ro s t ru c tu re  o f  th e  s p e c im e n  o f  re f in e d  p o re s  and 
p a r t ic le s  /c ry s ta l l i te s  d o c s  n o t c h a n g e  m u c h  w ith  a  v a ria tio n  o\ 
th e  p ro c e s s in g  te m p e ra tu re  in  th e  d if fe re n t  p o ly m o rp h s . The 
re s u lt is  v e ry  u se fu l in  d e s ig n in g  o f  a  p o ro u s  A l2 0  ^ and its
Figure 4. SEM micrographs of a porous refined Y  -Alp, powder obtained 
by a controlled thermal decomposition of the porous AIO(OH).aHp 
powder at 750 K for 2 h in air. The three (a), (b), and (c) micrographs are 
obtained at three different magnification as marked over them.
c
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Figure 5. SEM micrographs of a porous refined a-Aip, powder obiainc*i 
by a controlled thermal decomposition of the porous AIO(OH) 
powder at 1450 K for 2 h in air. The three (a), (b), and (c) micrographs an. 
obtained at three different magnification as marked over them
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